DROPSY in patients is always a serious symptom, but it is not the accumulation of water only that is productive of bad results. Accumulation of the waste products of the body is always injurious, and may be fatal, so that their removal is one of the most important problems in therapeutics. The kidneys are by no means the only channel, but they form the most important channel, for the elimination of solid waste as well as of water, and the regulation of their action is most important to the physician. It is almost impossible to understand the diuretic action of medicines unless one has a fairly clear understanding of the mechanism of the secretion in the kidney, and on, comparing the accounts of this as given even in recent text-books, it seems to me that a good many of them are imperfect, and that the earlier work on the subject has not received the consideration it ought. I should not have thought of bringing the subject before the Section to-day had it not been that in looking up a number of recent works I find that there is a good deal of uncertainty in the statements regarding the secretion of urine, and that in the Croonian Lecture of last year, given before the Royal Society, Professor Brodie muakes the sweeping statement that all recent work " has proved conclusively that Ludwig's explanation of the glomerular function-viz., that it is a filtering mechanism-is incorrect."1 A lecture given under such auspices 'Croonian
is very likely to be accepted as possessing undoubted authority, and Ludwig's work is therefore, I fear, likely to be wrongly discredited by it. It may thus be worth while to trace shortly the growth of our knowledge in regard to the urinary secretion.
In a very remarkable paper in the Philosophical Trantsactioqns of 1842, Bowman 1 showed that the corpuscle or glomerulus, consisting of a tuft of arterial capillaries, was surrounded by a capsule, which formed the commencement of the urinary tubule, so that fluid exuding from this tuft could pass down the tubule and be excreted (loc. cit., p. 74) . He further showed that the tubules themselves were surrounded by a capillary plexus, which contained not arterial but venous blood. This venous plexus received blood from two sources, first from the glomeruli, and secondly from the arteriae recte. In this respect the circulation of the kidney resembles that in the liver, where the chief blood supply is derived from the portal vein, but there is also an accessory supply from the hepatic artery (loc. cit., p. 65). On account of this resemblance Bowman gave the name of " the portal system in the kidney" to the venous plexus surrounding the tubules. His idea regarding the secretion of urine was that the proximate principles of the urine were secreted by the tubules from the venous plexus (loc. cit., p. 79) in a more or less solid condition, and were then washed out by water from the glomerulus (loc. cit., p. 76), but instead of stating positively in so many words that this is so, he puts the proposition in the form of a query, " Why is so wonderful an apparatus (as the Malpighian body) placed at the extremity of each uriniferous tube if not to furnish water to aid in separation and solution of the urinous products from the epithelium of the tube?" (Loc. cit., p. 75.) According to Bowman, not only does water pass from the Malphigian bodies, but salts, sugar and albumin, by exudation or transudation (loc. cit., p. 77).
He makes no mention of urea, and thus one may infer that he includes this substance in the proximate principles secreted by the tubules, though this is by no means clear, because he speaks of the urinous principles as being sparely soluble, and was evidently thinking much of urates and uric acid as secreted in serpents. In serpents the urine is solid when passed, and in them the glomerulus and its afferent aiery are exceedingly small (fig. 1 ). But Bowman considered that the urinous principles were in these animals excreted in a more or less solid form by the tubules, and washed out of them by water from the glomerulus, which, in the case of reptiles, was afterwards re-absorbed in the larger excretory channels so that their urine is solid (loc. cit., p. 79). To put it, then, shortly, Bowman's view consists of four parts: first, exudation of water and soluble substances from the glomerulus; second, secretion of sparingly soluble urinary constituents, such as urates and uric acid, and possiblv of urea by the tubules; third, flushing of these constituents down the tubules by water from the glomerulus; and, fourth, partial re-absorption of water in the larger excretory channels. Bowman's view was founded entirely upon microscopic examination and he made no experiments.
The subject was again taken up by Ludwig, who modified Bowman's view in two respects: (1) he considered that the whole of the urinary Circulation in the kidney of a boa showing the smallness of the glomerular artery. (After Bowman.) constituents were excreted in very dilute form by the glomeruli, and
(2) that selective absorption rather than excretion occurred in the tubules, so that the urine, as it passed through them, became more concentrated, and the relative proportions of soluble ingredients might be altered. His most important work, however, really was the discovery which he made of the relationship between the pressure of blood in the glomeruli and the amount of urinary secretion. By a number of experiments which he made with his pupils Goll and Max Hermann he showed that, other things being alike, the amount of urine secreted depended upon the difference in pressure between the blood in the glomeruli and the urine in the tubules. When the blood-pressure in the glomeruli was increased the quantity of urine secreted rose; when the blood-pressure was lowered the urine diminished, and when the blood-pressure fell below 40 mm. of mercury the secretion ceased entirely. In his lectures on the secretion of urine, which I attended in the summer of 1869, Ludwig mentioned that by compressing the Diagram of the tubules and vascular supply of the kidney. On the left is a tubule alone showing Bowman's capsule, the proximal and distal parts of the tubule, connected by the long and narrow loop of Henle, and the collecting tubule. In the middle is a tubule along with the blood-vessels, and on the right are blood-vessels only. renal artery with a clamp, its lumen might be lessened to one-half without any alteration whatever occurring in the secretion of the kidney, that when it was lessened from one-half to one-nineteenth the secretion of urine was proportionately diminished, and when reduced to less than one-nineteenth the secretion stopped altogether. In the same way, when the pressure of urine inside the tubules was increased by tying the ureter, the urine was lessened as the.pressure increased, and when it reached the height of 40 mm. to 60 mm. of mercury secretion ceased altogether. Ludwig's filtration theory received additional support from the discovery by Henle, in 1862, of the long, narrow loops which bear his name ( fig. 2 ). In relation to these loops we might alter Bowman's question in regard to the Malpighian bodies, and say, "Why is so wonderful an apparatus as this long and narrow tube placed between the wide convoluted tubules if not to present resistance, and to aid in the FIG. 3. Diagram showing the form of the urinary tubules in different classes of animals, after Huifner. 1, Fish. 2, Frog. 3, Tortoise. 4, Bird. 5, Mammal.
The letters have the same signiificance in each: a, capsule of the glomerulus ; b, convoluted tubule; c, Henle's loop; d, collecting tube. u in 2 indicates the transverse section of the ureter. absorption of water, or water and salts, from the fluid passing through the tube?" We might expect that if Henle's loops were cut away less absorption of water would take place, and, consequently, the urine would be more abundant and dilute. This is exactly what does occur when the interior of the kidney is removed, as was done by Ribbert, and I think his experiments are a still further comfirmation of the truth of Ludwig's theory. Thepressure on the glomerull usually rises or falls with the pressure in the arterial system generally, but this is not always the case, because Ludwig found in his experiments with Goll that the amount of water secreted by the two kidneys was quite unequal, sometimes one kidney secreting more and sometimes the other. It was evident that the difference must be dependent upon some alteration in the kidney itself, because both the arterial pressure and the composition of the blood going to both kidneys were quite alike. Ludwig was inclined to attribute this to dilatation of the arterioles supplying the glomeruli in the kidney itself, and not to any alteration in the secreting cells. He did not take up the question of whether these vessels were those which supplied the glomerular tufts at the ends of the convoluted tub'ules or the arterike rectoe.
.Ludwig's theory found additional support from the observations of Hiufner " On the Comparative Anatomy of the Kidney." In fishes which do not require any apparatus for retention of water in the body the tubules are short and wide, and the resistance to the passage of urine along them is very small (fig. 3 ). In tortoises no evaporation from the skin can take place, and there is no necessity for the retention of water, so that in them the contracted part of the tubules is very short. In frogs, on the contrary, evaporation takes place freely from the skin, and in them the tubules, and especially the contracted part of them, are very long. His theory also found much support from the experiments which Ludwig did with his pupil, Max Hermann. These experiments showed that when the content of the blood in urinary substances is nearly alike, the amount of urine secreted rises in direct proportion to the difference between the pressure in the glomeruli and in the uriniferous tubules. But this relation only holds good when the composition of the blood is fairly constant, for he found that when an excess of urea or of water was passed through the kidney, the amount of urea increased, although the blood-pressure remained the same. Although these facts were rather against the purely filtration hypothesis, Ludwig allowed his theory to remain unchanged, without taking the subject up further till the winter of 1869-70, when he began another research on the subject with his pupil Ustimovitch, the results of which led him to make a very important modification in his theory of the secretion of urine, which approximated it very much to Bowman's. made in the winter of 1869-70, and which led him to modify his views. The others are, I believe, Ustimovitch, under whose name the experiment was described, Professor Kronecker, of Berne, and Professor Genersich, of Budapest. Ludwig recognized the great importance of the experiment, and made everyone who was working in the laboratory at that time come in batches to see it. Amongst those who witnessed it, but are now dead, were Professor Schweigger-Seidel, who was Ludwig's histological assistant. Others, who afterwards became professors, were G. Hiifner, in Tiibingen, H. P. Bowditch, in Harvard, F. Miescher, in Basel, and J. J. Mtiller, of Zurich. This experiment consisted in dividing the medulla in the neck of a dog, introducing cannulhe into the ureters and injecting urea into the veins. The division of the medulla caused the blood-pressure to fall very greatly and the secretion of the urine stop altogether. When solution of urea was then injected into the veins the secretion of urine commenced anew, though it had entirely ceased before. This experiment caused Ludwig to make an addition to his pressure hypothesis, namely, "that the effect of the pressure depended upon the amount of urinary constituents in the blood, so that a given difference of pressure between the arteries and the ureters only becomes effective when the blood contains a definite amount of urinary constituents. The reason why chloride of sodium, urea, &c., increases the effect of the pressure may either be that the urine secreted through the glomeruli undergoes further changes through the urinary tubules, or that the permeability of the membranes which surround the glomeruli is altered according to the greater or less amount of urinary constituents in the blood. In all probability both of these factors are concerned."
As it is important that no question should arise regarding the correctness of the translation, I think it best to quote the passage verbatim, especially as the original is not always easily accessible: "Allerdings muss nach diesen Versuchen die Druckhypothese einen Zusatz erfahren, den niimlich, dass die Wirksamkeit des Druckes in einer Abhiingigkeit stehe von dem Gehalt des Blutes an harnfiahigen Stoffen und zwar in der Art, dass eine gegebene Differenz der Spannungen erst bei einem bestimmten Gehalte des Blutes in Harnbestandtheilen wirkungsfahig werden, beziehungweise um so mehr Harn liefern konne, je gr6sser die Anhiiufung der Harnbestandtheile im Blute geworden sei. Es duirfte ein lohnendes und wie ich glaube nicht unausfiihrliches Unternehmen sein, die Abhangigkeit der beiden Grossen einer genaueren Untersuchung zu unterwerfen. Die Ursache, weshalb ein grosserer Gehalt des Blutes an Kochsalz, Harnstoff, u.s.w., die Wirksamkeit der zur Verfiigung stehenden Druckdifferenz erh6ht, kann entweder darin gefunden werden, dass der aus den glomerulis abgesonderte Harn auf seinem Wege durch die Harncanalchen noch weitere Veriinderungen erleidet, oder darin, dass die Durchgiangigkeit der Haute, welche die glomeruli umgeben, sich iindert, je nachdem in der Blutfluissigkeit mehr oder weniger Harnbestandtheile enthalten sind, wahrscheinlich ist es sogar, dass die beiden angefiihrten Griinde bei dem Zustandekommen der Erscheinung betheiligt sind. Spiiten-Untersuchungen miissen hieriiber entscheiden." 1
The reason why this very important change in Ludwig's vieWs has passed unnoticed is that it was published under the name of his scholar, Ustimovitch. Ludwig was in the habit for many years of either publishing his researches conjointly with someone else, or publishing them under the name of his pupils alone, in which case the only acknowledgment of Ludwig's work was that it had been done with his assistance, but only those who had the privilege, as I had, of working with Ludwig, knew what this expression meant. As a matter of fact, almost every research published in this way was devised by Ludwig, the experiments were actually made by Ludwig, and the paper was written out in Ludwig's own hand. Excepting for those who have worked in Ludwig's laboratory, or have learned by conversation from those who have done so, this plan of Ludwig's is sometimes confusing. For example, as an instance of this I may mention that in looking up the references relating to this subject I consulted the Royal Society's catalogue of scientific papers in order to find out where Ludwig and Goll, and Ludwig and Max Hermann had published their work, but I found no reference to it under Ludwig's name, but found it under Goll's and Hermann's names only.
-If we now compare Ludwig's modified hypothesis of the secretion of urine with that of Bowman, we find that both agree that water and salts are poured out from the glomerulus, and that both consider that re-absorption of water takes place in the kidney itself, but while Bowman looks upon it as occurring in the collecting tubules, and, probably only to a limited extent, Ludwig regards it as taking place in the convoluted tubules, and to a very large extent. To the epithelium of the convoluted tubules Bowmnan assigned an excreting action, while Ludwig considered it to be an entirely absorptive action in his first theory, although he leaves it undecided in the last, what the alteration of the of the urine may be as it passes through the tubules. In regard to the passage of urine through the glomerulus, there is very little difference in opinion, Ludwig regarding it a simple filtration, while Bowman calls it an exudation. The great point which was settled by Ludwig's researches, was the relationship between the blood-pressure in the glomerulus and the amount of urine secreted, and I think this may be regarded as a definitely established fact. Heidenhain opposed this view, and considered that the amount of urine secreted depends not on the pressure of blood in the glomerulus, but on the rate of blood-flow through it and the secretory activity of the cells covering the vascular tuft. He based this view to a great extent on the fact that ligature of the renal vein stops secretion, though one would think it must raise the glomerular pressure, but he did not take into account that this procedure causes compression of the tubules and raises the counter-pressure in them, as well as alters the composition of the blood in the glomeruli, which will quickly lose its water. At the same tiine, the arterioles within the kidney itself will be compressed, and the pressure in the glomeruli may really be lessened instead of increased. Moreover, in his paper with Max Hermann, Ludwig' had already discussed the question whether the amount of urine secreted by the glomerulus was dependent upon the rapidity of the blood-flow through it, or the pressure of blood within it. He dismissed the former supposition because he found that in his experiments, not only was there no relationship between the diminution of urine and that of the rapidity of the blood-flow, but that the secretion ceased entirely, while the blood was still flowing with considerable rapidity through the kidney. Another fact which was opposed to the idea that the secretion depended upon the rapidity of the blood-stream was that the secretion ceased when the pressure in the tubules reached a certain maximum, although the blood was still flowing rapidly through the kidney. He therefore concluded that it was the pressure and not the rapidity of the bloodstream in the glomeruli which determined the rate of secretion.
It is by no means easy to arrive at a perfectly certain conclusion regarding the mode of secretion of urine, but it seems to me that all experiments on the subject seem to show that Bowman's original theory, that water and salts are passed out by the glomerulus and the urinary constituents by the tubules, is correct so far as it goes. But it I Ludwig and Max Hermann, Sitzzsngsber. d. Akad. d. TVissensch. zu Wien, 1862, xlv, 2 Abt., p. 347. has been supplemented by Ludwig's idea of re-absorption in the tubules aided by the resistance opposed to the flow through them by Henle's loops, which were unknown to Bowman, and by his discovery, which is of the utmost practical importance, that the rapidity of urinary secretion rises and falls with the pressure of blood in the glomeruli, or, to speak more exactly, in proportion to the difference between it and the pressure in the tubules. Speaking generally, the pressure of blood in the glomeruli rises or falls along with that in the arterial system generally. We can thus understand why a rise in the general blood-pressure is usually accompanied by increased urinary secretion and a fall in blood-pressure by lessened secretion. Exposure to cold, for example, causes contraction of the cutaneous vessels and a rise in blood-pressure; and when writing my thesis on the subject I found on one occasion that on a cold day, FIG. 4. Diagrammatic sketch of the vessels in a mammalian kidniey. 0 is an artery ascending into the cortical substance of the kidney; p is a branch from it which divides into two branches, q and P; q breaks up at once into a number of twigs; P is the afferent artery to a glomerulus, S, of the lowest row; t is the afferent vessel of the glomerulus. It divides into two branches, one of which, u, ascends towards the cortex, while the other, v, descends towards the medulla. (From Schweigger-Seidel, " Die Nieren," Halle, 1865.) occurring between two warm ones, the amount of urine I passed was nearly doubled. Warmth has exactly the opposite effect.
Emotion may increase the blood-pressure and the amount of urine. In an observation on myself I found that the excitement consequent on losing a train raised my blood-pressure from 120 mm., which was its normal, to 160 mm., and the effect of excitement in causing diuresis is a matter of everyday observation.
In persons who have a high blood-pressure, either from their normal constitution or from hypertrophied heart or contracted vessels, the secretion of urine is abundant.
When the blood-pressure is normally low, as in weak persons or those suffering from debilitating diseases, or from mitral regurgitation, the secretion of urine is scanty, and in patients who have had a hypertrophied heart with high blood-pressure, the abundant urine begins to be scanty and of higher specific gravity when the heart begins to fail.
But as Ludwig noticed in his experiments with Goll,' the kidney contains within itself a mechanism for regulating the secretion of urine quite apart from the general blood-pressure or from the composition of the blood. This mechanism probably resides in the contractile power of the renal arterioles ( fig. 4 ). If these contract greatly they may lessen or completely arrest the secretion of urine, notwithstanding the high bloodpressure, and if they dilate they may increase the supply of blood in the glomeruli and augment the secretion of urine, notwithstanding a fall in the general blood-pressure. It will help us to understand the function of the kidney if we assume, as I think we may perfectly do, that the Diagrams to show the by-pass whereby blood may go to the plexus surrounding the tubules and supply material for excretion of solids without passing through the glomerulus and losing water. (After Mleyer and Gottlieb.) arterioles of the glomeruli may contract while the arteriae rect.e dilate, and vice versa. If the blood contains much water and the glomerular vessels dilate while those of the arterice rectae contract the whole blood of the kidney will be sent into the glomeruli and free elimination by water will consequently occur. If, on the other hand, it is desirable for the body that water should be retained and waste products excreted this will be effected by the glomerular arteries contracting, when little water will be poured out, while those of the arteriae rect.e dilate and the venous plexus surrounding the tubules is thus supplied with blood from which the waste products with enough water to keep them in solution are excreted. I discussed this subject more fully than I do now in a paper on "Diuretics " which I wrote in 18841 and in my "Pharmacology and 'Goll, Henle, und Pfliiger, Zeitschr. f. ration. Med., Heidelb., 1854 , iv, pp. 78-100. 2 Practitioner, 1884 Therapeutics" in 1885, but this does not seem to have received any notice in recent work on this subject, excepting in Meyer and Gottlieb's " Pharmacologie," where it is illustrated by a very instructive diagram which I now reproduce ( fig. 5) .
One of the most useful of all diuretics is digitalis, and the action of this drug is a complicated one. By stimulating the vasomotor centres it tends to raise the arterial pressure generally, yet it has a special action on the kidney, for Henry Power and I showed' that when the secretion of urine was estimated continuously by means of a cannula in the ureter and the blood-pressure recorded by a kymograph, the blood-pressure rose but the secretion of urine diminished or ceased altogether. When the pressure began again to fall the secretion of urine again recommenced, and in some experiments became very copious after the blood-pressure had fallen below the normal. I observed the same, along with Mr. Pye,2 in the case of erythrophloeum ( fig. 6 ), and I think that the explanation of it is that both these drugs in large doses may cause such contraction of the renal vessels that the secretion may cease entirely even though the systemic pressure be greatly raised. In our experiments the renal vessels apparently dilated before the systemic, and in therapeutic doses it is quite probable that dilatation of the renal vessels may occur without any previous lmlarked contraction. But in cases of dropsy there is another action of digitalis which I think has not received the attention it deserves. It was shown by Abeles8 and Gruitzner 4 that an increase in the proportion of water and of certain soluble substances, such as urea in the blood, causes dilatation of the renal vessels and a more rapid flow of blood through the kidney as well as increased secretion of water. In cases of dropsy, where aqueous fluid is accumulated in the tissues, it is obvious that its absorption into the blood will have the same effect on the kidney as injection of water directly into the veins. Every student is acquainted with Goltz's celebrated " Klopversuch,"5 which shows the effect of irritation of the intestine in producing stoppage of the heart and dilatation of the vessels, but another experiment of Goltz's, almost equally interesting, has not received the same attention. Goltz, Centralbl. f. d. Med. Wiss., 1863, p. 593. found that if a frog were suspended by the head and' the aorta cut across, that at first blood flowed readily from the cut vessel, but if the brain and spinal cord were completely destroyed the flow'ceased. If the spinal cord alone were left and saline solution were injected into the dorsal lymph sac, absorption occurred, and fluid again flowed from the cut aorta. Reflex stimulation of the cord caused increased absorption and more rapid outflow from the aorta. So far as I know the experiment has not yet been tried, but we should expect that the addition of digitalis to the fluid in the lymph sac would increase Blood pressure in Urine in minims millims. of mercury.
per 1 minutes.
FIG. 6.
Curves showing the effect of erythrophlcsum upon the blood-pressure and the secretion of urine. (From Phil. Trans., clxvii.) absorption in the same' way as reflex stimulation, because other experiments -have shown that' digitalis and its congeners undoubtedly exert a stimulating action on the vasomotor centres in the medulla. An observation of my own made many years ago tends to support this idea, for after taking considerable doses of digitalin I found that my urinary secretion was greatly increased, to such an extent, indeed, that my body seemed to be drained of water and I was forced by excessive thir'st to drink more water than my allowance, although for some months previously I had taken every day the same amount of fluid and the same solid diet without having once exceeded.' Digitalis may therefore have not only a stimulating action on the heart and a contracting effect on the vessels of the body generally so that it raises the general blood-pressure, but it may have a special action on the circulation of the kidneys themselves and on the absorption of fluid throughout the body generally. A diuretic action is possessed, too, by substances of the same group as digitalis, but not all of them to the same extent, nor do all the active principles contained in the digitalis leaf have an equial action upon the kidneys.
It is evident that if we can increase the general blood-pressure by digitalis and dilate the vessels of the kidney by combining some other drug with it we will then get most efficient diuresis. Thus Griitzner found that nitrate of soda increased secretion of urine both when the blood-pressure was reduced to a minimum by curare and when it was greatly raised above the normal by interference with the respiration. Nitrites may even produce diuresis without any raised blood-pressure, and nitrite of ethyl in the form of nitrous ether has long been recognized as a most useful diuretic, and potassium nitrate has probably a similar though slower action ( fig. 7) . Another large group of diuretics are urea, the purin bodies, caffeine, theobromine, theophylline, and theocin. These bodies increase the rapidity of the circulation through the kidney, and increase the amount of water poured out through the glomeruli, but at the same time they probably interfere with the re-absorption in the tubuli, as indigo carmine injected along with caffeine does not appear in the epithelium of the tubules as it would do if injected alone. The third group contains the ethereal oils, such as oil of juniper. I do not know that the mode of action of these has been precisely ascertained, but in all probability they act upon the tubules. The fourth division of diuretics is that of salines such as potassium tartrate, and acetate, and also sodium sulphate. According to Meyer and Gottlieb, these salines have an action on the kidney similar to what they have on the intestine, causing secretion in one part and preventing absorption in another. In the kidney they probably increase the exudation of fluid through the glomerulus and prevent its re-absorption in the tubule, or, as Meyer puts it, they cause diarrhoea of the tubules.
Long-continued trial of drugs in cases of disease has shown the advisability of combining different kinds. For example, the Haustus The effect of the infusion of broom is similar to that of digitalis, the active principle being scoparin. In most of these mixtures we see a combination of drugs which will tend to raise the blood-pressure, dilate the kidney vessels, increase secretion from the tubules, or, like the saline niBchh of ren" asry. Diagram of the circulation in the kidney of the newt. Modified from Nussbaum and arranged to show the parts of the kidney which are probably affected by different diuretics. diuretics, interfere with re-absorption of water in them. Practical experience has shown physicians what to do, but the rationale of the practice is only now being explained by physiological and pharmacological experiment. Bowman's theory forms the basis of the knowledge we now possess regarding the secretion of urine, but it is Ludwig's experiment on the relation between blood-pressure and secretion that practically enables us to explain the use of diuretics in cardiac disease, and as I have already said, Ludwig's theory, as modified by him in 1870, closely resembles Bowman's though supplemented in some very important respects.
DISCUSSION.
The PRESIDENT (Professor W. E. Dixon, F.R.S.) said he had listened with great pleasure to the paper, which was full of suggestion and historical incident. He was particularly interested to hear what Sir Lauder Brunton said about the vascular condition of the kidney, because so few people appeared to recognize that there were afferent and efferent vessels to the glomerulus, and changes could occur, owing to contraction of either of these sets of vessels, which would bring about differences in the vascular condition of the kidney not usually appreciated. What he meant was that, supposing the efferent vessels from the glomerulus were to become contracted, one would find dilatation of the kidneys as a whole, whereas there would be diminution in the outflow of blood from the renal vein. He was also interested in what the author said about Professor Brodie's Croonian Lecture. Professor Brodie stated that all modern work had tended to show that the kidney was a secretory organ, and not an organ of filtration. He did not know on what evidence that statement was based; in the writings of Professor Brodie and Mr. Barcroft the dictum was laid down that if the kidney was a true secretory organ it must, in producing secretion, do work, and therefore increase the oxygen absorption of the kidney. These observers performed a number of experiments with caffeine, sodium sulphate, and other substances, and showed that when diuresis was produced the amount of oxygen absorbed was increased. But since that time Barcroft and his colleagues had found that Ringer's solution caused an increased secretion of the urine without any increased absorption of oxygen, thus showing, on their own dictum, that the kidney, under those conditions, was not a true secretory organ. It was true that with sodium sulphate diuresis increased absorption of oxygen was observed, but sodium sulphate was a tissue poison; possibly it acted by extracting calcium from the organ, and he had very little doubt that when one diminished the calcium content of an organ, that organ became hyper-active for a time.
Much recent work within the last three or four years had shown that.
Until it was shown that this increased oxygen absorption by the kidney was specific for the kidney and that other tissues were not influenced in a like way by sodium sulphate, the increased oxygen consumption could not be regarded as in any direct way connected with the diuresis. He (Dr. Dixon) had never worked on the kidney himself, but there were several present who had, and therefore, although Sir Lauder Brunton's paper was full of interest for him, he would prefer to call upon others to discuss it in detail. One remark he would like, however, to add was that the paper left with him a pervading regret that he had not had the privilege of being a worker in Ludwig's laboratory.
Professor CUSHNY, F.R.S., said that he also had listened to the paper with very much interest. Ludwig's theory as generally accepted was based upon his early paper and text-book, which he believed was written before 1869.
He supposed that most of the younger school believed' that Ustimovitch was an independent worker as in ordinary laboratories. Those who had been in contact with the paladins of Ludwig's laboratory knew that Ludwig practically wrote everything which came out of it, so that the further development of his theory could be followed through the published contributions of his pupils. In that respect he considered it had been a great loss to physiology and medical science in general that no one had written about the extremely brilliant circle of Ludwig's laboratory. He would remind Sir Lauder Brunton and Professor Kronecker that there were not many left who could speak personally of the circle of workers in that laboratory from 1865 to 1885, and it would be a pious work for those of the older generation, and a work of extreme interest to those who, like himself, had not had the opportunity of working with Ludwig, if some account of that great school could be given. The question of the action of the kidneys was an extremely difficult one, owing to the double vascular supply, and it was very difficult to state how far any one substance acted on the glomerulus or upon the tubules. The view which Sir Lauder referred to in regard to the salines was very inviting, namely, that they caused diuretic diarrhoea, as Meyer put it; but there were some difficulties in the way of that, because the nitrates were not exactly absorbed with difficulty, like the sulphates; and such a thing as urea it was presumably'difficult for the tubules to absorb, but it was not difficult for any other cell to absorb. But it might be supposed that the tubules' had that specific difficulty in order that they might get rid of urea. With regard to the action of the other diuretics, many of them were very obscure. The digitalis action was full of difficulties, but he thought the idea of Sir Lauder Brunton that possibly digitalis might act as a diuretic by increasing the movement of the fluid in the rest of the body was well worthy of consideration.
Dr. H. H. DALE desired, as one of the younger generation and a newer recruit to pharmacology, to add his testimony to the great interest with which all had listened to the paper, and his appreciation of the privilege of hearing it. He wished to echo Professor Cushny's hope that those records might be put into a more permanent form; that the survivors among English physiologists, such as Sir Lauder Brunton and Dr. Gaskell, who took part in the work of Ludwig's big period, might be able to leave some more detailed record of those days than was at present available. He did not feel competent to offer any criticism in detail of the extremely interesting paper, but wished to ask a question with regard to the alternative route-the so-called by-pass. Sir Lauder seemed to suggest that the kidney might accommodate itself to the needs of the body by a contraction of one or other route, according to whether there was necessity for secretion of water or for the turning out of specific urinary constituents. He wished to know whether Sir Lauder could give any clearer picture as to his conception of the mechanism in which it worked. Whether he considered there was a specific nerve control of the two paths, or the direct action of blood constituents, the different branches of the artery being sensitive to one constituent or the other.
A-26
Dr. SIKES said he was glad that Brodie's work had been referred to because he remembered, as a student years ago, feeling confused as to what one ought to say concerning the two opposing theories of renal secretion. Brodie's work had at least made the matter much clearer, especially that part in which he showed the relation existing between the pressure and the amount of urine secreted, and the fact that it did not require very much pressure to bring about quite a large secretion of urine. Brodie's experiments with regard to manometry in the ureter and the estimation of the amount of secretory pressure were of interest.
Dr. H. C. CAMERON mentioned a case of suppression of urine following an operation for excision of one kidney. He was called to see the patient, a middle-aged woman, forty-eight hours after the operation. A gradually increasing drowsiness had ended in complete coma. No urine had been passed since the operation and none could be drawn off by catheter. He injected a solution of urea and within a short time the patient passed urine. Death, however, took place a quarter of an hour later. Examined after death, the remaining kidney showed no evidence of disease to the naked eye. Possibly the action in such a case resembled that in the experiments mentioned by Sir Lauder Brunton. He asked for criticism of the treatment.
Dr. A. J. CLARK said that it had never been his good fortune to do any work on the kidneys, and therefore he could add little to the discussion. He had, however, heard Professor Brodie's Croonian Lecture. He was still unable to understand how the filtration hypothesis explained either Professor Brodie's experiment, in which an increased urinary flow occurred when the pressure in the ureter was raised, or those cases in which urine was passed with a lower osmotic pressure than the blood.
Sir LAUDER BRUNTON, in reply, said the President's observations were of great interest. So far as he remembered, although Barcroft in his first paper held the secretion idea, in his later paper he gave it up and returned to the filtration theory. With regard to Ludwig's work, it might interest many present to know how the experiment he had described was done. It was done by Ludwig and his assistant Salvenmoser, Ludwig always directing and often operating himself, whilst his assistant helped or actually did the operation under his direction, and Ustimovitch stood by with a notebook and recorded what was told him by either Ludwig or Salvenmoser. Afterwards Ustimovitch wrote out a clean copy of the report and gave it to Ludwig, who then wrote the account of the whole thing. The procedure was invented by Ludwig, the experiments were carried out by him or under his direction, and belonged to him. Sometimes he could not do all the experiments, but in every case he did the first two or three, and when the research was well started he allowed his pupil to go on with it. But it was always done on the lines which he had himself laid down, and the apparatus was devised and constructed by him. It would be very interesting to get a list of Ludwig's work, as suggested by Professor Cushny. The only man who could do it would be Kronecker, and he might possibly undertake it if he (Sir Lauder) asked him to do so. It should be taken on the lines upon which Ludwig worked: (1) on the conditions regulating the pressure of blood in the body and the men who worked at this; (2) the men who worked at the subject of the secretion of urine; (3) those who worked at muscle, liver, lungs and other organs, and the results obtained by investigating the flow of blood through them after death; (4) the men who worked on the heart. He went to Ludwig's laboratory in the summer of 1869, and Coats came a month after he did; Coats's work was Ludwig's entirely. The work he (Sir Lauder) did there on nitrite of amyl were his own experiments, which he did at odd times. The research he was really engaged upon was Ludwig's research on the contractility of the small vessels apart from the central nervous system, and this was put into the paper on amyl nitrite as a preliminary communication. He expected to go back afterwards and finish the work, but he found himself unable to do so. But after he left, Ludwig set Gaskell to work on the same subject, and Gaskell took up Coats's work also and carried that on, with the splendid results which were well known. With regard to this discussion, the mechanism of the double vascular supply could not be easily explained, because different results were obtained according to whether the afferent vessel or the efferent vessel was contracted, or whether the whole of the large arteries going to the glomeruli or the arteritn rectme contracted.
He did not think it was due to central or peripheral nervous action, but to a local action upon the arterioles themselves by different qualities of blood with which they were supplied. He was unable to be present at Professor Brodie's lecture, and be had not succeeded in getting a full account of it. He thought the work which Brodie did on -the kidney had not added very greatly to our knowledge, because all those -experiments which had been mentioned with regard to the effect of increased blood-pressure in the kidney and increased pressure from ligaturing the ureter and vein, were to be found in Ludwig's work with Hermann, or with Goll. With regard to the interesting case mentioned by Dr. Cameron, he felt very little doubt that the injection of urea into the vein increased the secretion of urine, and if it had been done earlier it might have had a more happy result. It seemed very much like what one saw in Ustimovitch's experiment, where the secretion of urine had ceased, and where the injection of urea brought it back again. One might try, in addition, cupping over the kidneys, which probably acted reflexly; wet cupping was preferable to dry cupping, if care was taken not to injure the skin thereby. Or one might injectinto the intestines some irritant, such as turpentine. He did not know whether this would have had any effect in that case. 'He had seen extraordinarily good results in apparent coma from it. He remembered a case of pneumonia, in which the patient had some albuminuria and became comatose, and the injection of turpentine into the intestine had a great effect, for the secretion of urine recurred, and the coma disappeared.
